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(54) MULTIFRAME BLADE TIP WELDING FIXTURE

(57) A system (40) includes a stand (42) having a
first axis (90), a first arm (44), and a second arm (44).
The first arm (44) and the second arm (44) extend from
the axis (90). The first arm (44) is configured to rotate
about the axis (90) and the second arm (44) is configured
to rotate about the axis (90). The system (40) includes a
first can (48) coupled to the first arm (44). The first can
(48) is configured to be disposed around a first tip (100)
of a first airfoil (80), the first can (48) is configured to
receive a first gas flow, and the first can (48) is configured
to distribute the first gas flow to a first work cavity (56)
around the first tip (100) of the first airfoil (80). The system
(40) further includes a second can (48) coupled to the
second arm (44). The second can (48) is configured to
be disposed around a second tip (100) of a second airfoil
(82), the second can (48) is configured to receive a sec-
ond gas flow, and the second can (48) is configured to
distribute the second gas flow to a second work cavity
(56) of the second airfoil (82).
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Description

BACKGROUND

[0001] The subject matter disclosed herein relates to
airfoils of a gas turbine system, and more specifically, to
welding fixture for airfoils, such as turbine blades.
[0002] Gas turbine systems typically include a gas tur-
bine engine having a compressor, a combustor, and a
turbine. The compressor is configured to use compressor
blades to compress and feed air into the combustor for
combustion with fuel. For example, the compressor
blades may extend radially outwards from a supporting
rotor, and the rotation of the compressor blades may
force air into the combustor. The combustion gases may
flow through one or more turbine stages of the turbine to
generate power to drive a load. Each turbine stage may
include multiple turbine blades disposed around a rotor.
During operation of the gas turbine system, the tips of
the blades (e.g., compressor and/or turbine blades) may
wear down due to rapid rotation and/or high operating
temperatures. The tips of the airfoils may be welded to
repair the tips.

BRIEF DESCRIPTION

[0003] A summary of certain embodiments disclosed
herein is set forth below. It should be understood that
these aspects are presented merely to provide the reader
with a brief summary of these certain embodiments and
that these aspects are not intended to limit the scope of
this disclosure. Indeed, this disclosure may encompass
a variety of aspects that may not be set forth below.
[0004] In a first embodiment, a system includes a stand
having a first axis, a first arm, and a second arm. The
first arm and the second arm extend from the axis. The
first arm is configured to rotate about the axis and the
second arm is configured to rotate about the axis. The
system includes a first can coupled to the first arm. The
first can is configured to be disposed around a first tip of
a first airfoil, the first can is configured to receive a first
gas flow, and the first can is configured to distribute the
first gas flow to a first work cavity around the first tip of
the first airfoil. The system further includes a second can
coupled to the second arm. The second can is configured
to be disposed around a second tip of a second airfoil,
the second can is configured to receive a second gas
flow, and the second can is configured to distribute the
second gas flow to a second work cavity of the second
airfoil.
[0005] In a second embodiment, a method of repairing
airfoil tips includes supplying a gas flow to a first can
disposed about a first tip of a first airfoil when the first
can is in a work position about the axis of a stand. The
first can is coupled to the stand. The method includes
adding a first weld material to the first tip of the first airfoil
when the first can is in the work position about the axis.
The method further includes rotating the first can and a

second can to position the second can in the work posi-
tion about the axis of the stand. The second can is cou-
pled to the stand. The method includes supplying the gas
flow to the second can disposed about a tip of a second
airfoil when the second can is in the work position about
the axis of the stand. The method further includes adding
second weld material to the second tip of the second
airfoil when the second can is in the work position about
the axis.
[0006] In a third embodiment, a system includes a
stand having an axis. The system further includes a first
arm and a second arm, wherein the first arm and the
second arm extend from the axis and are configured to
rotate about the axis. The first arm is coupled to the stand
at a first axial position and is configured to be adjusted
relative to the stand to adjust the axial height. The system
further includes a first base and a second base. The first
base corresponds to the first arm and is configured to
support a first root of a first airfoil, wherein the first root
is opposite a first tip of the first airfoil. The second base
corresponds to the second arm and is configured to sup-
port a second root of a second airfoil, wherein the second
root is opposite the second tip. The system further in-
cludes a first can coupled to the first arm. The first can
is configured to be disposed around the first tip of the
first airfoil, the first can is configured to receive a first gas
flow, and the first can is configured to distribute the first
gas flow to a first work cavity around the first tip of the
first airfoil. The system further includes a second can
coupled to the second arm. The second can is configured
to be disposed around the second tip of the second airfoil,
the second can is configured to receive a second gas
flow, and the second can is configured to distribute the
second gas flow to a second work cavity around the sec-
ond tip of the second airfoil.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] These and other features, aspects, and advan-
tages of the present invention will become better under-
stood when the following detailed description is read with
reference to the accompanying drawings in which like
characters represent like parts throughout the drawings,
wherein:

FIG. 1 is a block diagram of an embodiment of a
turbine system with compressor and turbine blades;

FIG. 2 is a perspective view of an embodiment of a
multiframe blade tip welding fixture, in accordance
with an embodiment of the present disclosure;

FIG. 3 is a top cut away view of an embodiment of
the multiframe blade tip welding fixture of FIG. 2 tak-
en along line 3-3, in accordance with an embodiment
of the present disclosure;

FIG. 4 is a partial cross-sectional view of the inside
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of an embodiment of a portion of a can of the multi-
frame blade tip welding fixture, in accordance with
an embodiment of the present disclosure;

FIG. 5 is a perspective view of an embodiment of the
bases of the multiframe blade tip welding fixture of
FIG. 2, in accordance with an embodiment of the
present disclosure;

FIG. 6 is a perspective view of an embodiment of a
base port of a base of FIG. 5, in accordance with an
embodiment of the present disclosure; and

FIG. 7 is a flow diagram of a method of repairing
airfoil tips, in accordance with an embodiment of the
present disclosure.

DETAILED DESCRIPTION

[0008] One or more specific embodiments will be de-
scribed below. In an effort to provide a concise descrip-
tion of these embodiments, all features of an actual im-
plementation may not be described in the specification.
It should be appreciated that in the development of any
such actual implementation, as in any engineering or de-
sign project, numerous implementation-specific deci-
sions must be made to achieve the developers’ specific
goals, such as compliance with system-related and busi-
ness-related constraints, which may vary from one im-
plementation to another. Moreover, it should be appre-
ciated that such a development effort might be complex
and time consuming, but would nevertheless be a routine
undertaking of design, fabrication, and manufacture for
those of ordinary skill having the benefit of this disclosure.
[0009] When introducing elements of various embod-
iments of the present invention, the articles "a," "an,"
"the," and "said" are intended to mean that there are one
or more of the elements. The terms "comprising," "includ-
ing," and "having" are intended to be inclusive and mean
that there may be additional elements other than the list-
ed elements.
[0010] As discussed above, the rotation of the com-
pressor blades in the compressor of a gas turbine system
may force air into the combustor for combustion with fuel.
The combustion gases may flow through one or more
turbine stages of the turbine of a gas turbine system con-
taining turbine blades to generate power to drive a load.
During operation of the gas turbine system, the tips of
the compressor and/or turbine blades may wear down
due to rapid rotation, potential contact with the walls (e.g.,
shrouds) of the compressor or turbine, high operating
temperatures, or any combination thereof. The blades
may be removed from the gas turbine system for repair
of the tips.
[0011] With the foregoing in mind, the disclosed em-
bodiments include a multiframe blade tip welding fixture.
Specifically, the welding fixture may be used to mount
and repair multiple blades. The multiframe blade tip weld-

ing fixture may have adjustable bases and removable
cans configured to conform use of the fixture to various
blade shapes. The multiframe blade tip welding fixture
may be have cans and bases that may rotate around an
axis of the welding fixture. Additionally, or in the alterna-
tive, the welding fixture may have an axial height adjust-
ment enabling welding of the tips of blades of various
heights and shapes to be performed by a single welder.
The rotation of the bases and the cans about the welding
fixture and the axial height adjustment capability may en-
able multiple (e.g., 4) blades to be repaired in short suc-
cession by a single welder with a single multiframe blade
tip welding fixture. It should be understood that the
present embodiments are discussed within the context
of compressor and turbine blades, however they are also
applicable to any type of airfoils, such as blades, vanes,
and propellers.
[0012] Turning now to the drawings and referring first
to FIG. 1, a block diagram of an embodiment of a gas
turbine system 10 is illustrated. The diagram includes
fuel nozzles 12, fuel 14, and combustor 16. As depicted,
fuel 14 (e.g., a liquid fuel and/or gas fuel, such as natural
gas) is routed to the turbine system 10 through fuel noz-
zles 12 into combustor 16. The combustor 16 ignites and
combusts the air-fuel mixture 34, and then directs hot
pressurized exhaust gas 36 into a turbine 18. The ex-
haust gas 36 passes through turbine blades 17 of a tur-
bine rotor in the turbine 18, thereby driving the turbine
18 to rotate. The coupling between the blades 17 in the
turbine 18 and the shaft 19 will cause the rotation of the
shaft 19. The shaft 19 may be coupled directly or indi-
rectly to one or more components (e.g., compressor 22,
load 26) throughout the turbine system 10. Eventually,
the exhaust gases 36 of the combustion process may
exit the turbine system 10 via an exhaust outlet 20.
[0013] In an embodiment of the turbine system 10,
compressor vanes or blades 21 are included as compo-
nents of the compressor 22. The blades 21 within the
compressor 22 may be coupled to the shaft 19, and will
rotate as the shaft 19 is driven to rotate by the turbine
18. The compressor 22 may intake air 30 to the turbine
system 10 via an air intake 24. Further, the shaft 19 may
be coupled to a load 26, which may be powered via ro-
tation of the shaft 19. As appreciated, the load 26 may
be any suitable device that may generate power via the
rotational output of the turbine system 10, such as a pow-
er generation plant or an external mechanical load. For
example, the load 26 may include an electrical generator,
a propeller of an airplane, and so forth. The air intake 24
draws air 30 into the turbine system 10 via a suitable
mechanism, such as a cold air intake, for subsequent
mixture of air 30 with fuel 14 via the fuel nozzles 12. Air
30 taken in by the turbine system 10 may be fed and
compressed into pressurized air 32 by rotating the blades
21 within the compressor 22. The pressurized air 32 may
then be fed into one or more fuel nozzles 12. The fuel
nozzles 12 may then mix the pressurized air 32 and the
fuel 14, to produce a suitable air-fuel mixture 34 for com-
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bustion, e.g., a combustion that causes the fuel 14 to
more completely burn, so as not to waste the fuel 14 or
cause excess emissions in the exhaust gases 36.
[0014] The vanes or blades 21 of the compressor 22
and the blades 17 of the turbine 18 may become worn
down at the tip from high operating temperatures, rapid
rotation, and use over time. The tips of the blades 21 and
17 be repaired via welding. The blades 21 and 17 may
be removed from the turbine system 10 for welding repair,
and may be mounted onto a multiframe blade tip welding
fixture, as discussed in more detail below.
[0015] FIG. 2 is a perspective view of an embodiment
of a multiframe blade tip welding fixture 40 that may be
used for welding repair of the tips of airfoils 38 (e.g., tur-
bine blades 17, compressor blades 21, vanes, propel-
lers). To facilitate discussion, the multiframe blade tip
welding fixture 40 and its components may be described
with reference to an axial axis or direction 90, a radial
axis or direction 92, and a circumferential axis or direction
94. The multiframe blade tip welding fixture 40 may have
a vertical stand 42 extending in an axial direction 90. The
stand 42 may extend from multiple legs 43. In the illus-
trated embodiment, four legs 43 are depicted, however
the multiframe blade tip welding fixture may have any
number of legs 43 (e.g., 2, 3, 5, 6, or more) or a platform
or a footing attached to the stand 42.
[0016] A number of arms 44 and bases 46 may be ro-
tatably coupled to the stand 42. The arms 44 and the
bases 46 may extend in a radial direction from the stand
42. The arms 44 and bases 46 of the multiframe blade
tip welding fixture 40 may rotate circumferentially 94
around the stand 42 and axial axis 90. The circumferential
94 rotation may enable a person utilizing the multiframe
blade tip welding fixture 40 for repair to more quickly and
efficiently move from one airfoil 38 repair to the next. The
arms 44 may be axially positioned along the stand 42
above the bases 46. There may be an adjustment knob
45 associated with the group of arms 44 positioned along
the stand 42 that may enable the axial height between
the arms 44 and the bases 46 to be adjusted along the
axial axis 90. Similarly, there may be an adjustment knob
47 associated with the group of bases 46 positioned
along the stand 42 that may enable the axial height be-
tween the bases 46 and the arms 44 to be adjusted along
the axial axis 90. The adjustment knobs 45 and 47 may
enable variable height arrangements of the arms 44 and
the bases 46, thus enabling a variable distance between
the arms 44 and the bases 46. A variable distance 49
between the arms 44 and the bases 46 may enable use
of the multiframe blade tip welding fixture 40 with a variety
of sizes and lengths of airfoils 38 (e.g., blades, vanes,
propellers). Each respective adjustment knob 45 and 47
may further include a lock that may be used to lock an
axial height position of the arms 44 and the bases 46 to
a particular distance indicated by the length of the cou-
pled airfoils 38. In some embodiments, the lock of the
adjustment knobs 45 and 47 may further enable locking
the rotation of the arms 44 and bases 46 circumferentially

94 around the stand 42 for locking a particular airfoil 38
in a working position.
[0017] The number of arms 44 and bases 46 extending
from the stand 42 may vary, however the number of arms
44 may be equal to the number of bases 46. In the illus-
trated embodiment, four arms 44 and four bases 46 are
depicted, however there may be any number (e.g., 2, 3,
5, 6, or more) of arms 44 and bases 46. The number of
arms 44 and bases 46 may indicate the number of airfoils
38 that may be coupled to the multiframe blade tip weld-
ing fixture 40 at a given time. The arms 44 may be posi-
tioned evenly and circumferentially 94 around the stand
42 and may be separated from each other by 90°. How-
ever, the arms 44 may be positioned at any angle (e.g.,
45°, 72°, 90°) relative to each other, depending on the
number of arms 44 extending from the stand 42. Similarly,
the bases 46 may be positioned evenly and circumfer-
entially 94 about the stand 42 and may be separated from
each other by any angle (e.g., 45°, 72°, 90°) depending
on the number of bases 46 extending from the stand 42.
The bases 46 may secure the roots of the airfoils 38,
while the arms 44 may couple with cans 48 proximate to
the tips.
[0018] Each arm 44 may removably couple to a re-
spective can 48 via a dovetail connection, or other con-
nection, as discussed in detail below. The cans 48 may
have a dovetail connector, or other connector that cou-
ples to the arms 44 of the multiframe blade tip welding
fixture 40. The connection between the arms 44 of the
multiframe blade tip welding fixture 40 and the cans 48
may enable the cans 48 to be modular and interchange-
able for use of the multiframe blade tip welding fixture 40
with a variety of types and shapes of airfoils 38. Thus a
variety of shapes of cans 48 may be coupled to the arms
44 of the multiframe blade tip welding fixture 40 in order
to accommodate use of the multiframe blade tip welding
fixture 40 with a variety of airfoil 38 types and shapes. A
can 48 may be designed to at least partially encompass
the tips of the respective airfoil 38 within a work cavity
56 of the can 48. The work cavity 56 may be formed from
a first portion 50 of the can 48 and a second portion 52
of the can 48 that may open and close via a hinge 54. In
some embodiments, the hinge 54 may be positioned
along a radial edge of the can 48 that is opposite from
the connector to the arm 44. Each can 48 may include a
clamp 55 that may be coupled to the connector. The
clamp 55 may secure the first portion 50 and the second
portion 52 of each can together around the tip of the airfoil
38 in a closed position. The structure and functionality of
the cans 48 will be discussed in more detail with reference
to FIGS. 3 and 4.
[0019] The bases 46 may be used to support or hold
the roots 39 of the airfoils 38. In some embodiments, the
airfoils 38 may be coupled to the bases 46 prior to being
coupled to the respective cans 48 for repair. Each base
46 may include a base plate 57 and multiple base sup-
ports 58. The base supports 58 may be structured such
that a dovetail indentation 61 is positioned facing up to-
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ward the arms 44, enabling the root 39 of an airfoil 38 to
be coupled to the base 46 by positioning the root 39 within
the indentation 61 of the base support 58. The base plate
57, may be positioned on an upper surface of the base
46 and may have multiple grooves 59 that may enable
sliding of the base supports 58 on the base plate 57 along
a radial axis 92. Further the base plate 57 may be posi-
tioned in a configuration parallel to the base 46, however
the base plate 57 may be configured to twist or rotate
around a center axis 62 of the base plate 57 such that
the base plate 57 may be positioned at any non-parallel
direction with respect to the base 46. The sliding of the
base supports 58, along with the rotation of the base
plate 57 may enable the bases 46 to be configured for
use with a variety of types, shapes, and sizes of airfoils
38. For example, a particular type of airfoil 38 may have
a twisting structure such that the root 39 of the airfoil 38
is not oriented in the same direction as a chord across a
tip 100. The root 39 of the airfoil 38 is opposite the tip
100. The base plate 57 may be rotated around the center
axis 62 of the base plate 57 on the base 46 such that it
may support the root of the airfoil 38 in a position suitable
for tip repair, while the base supports 58 may slide along
the grooves 59 in the base plate 57 to positions suitable
to support the size of the airfoil 38. Further the bases 46
may include a base port 60 that may be positioned be-
tween the base supports 58 on the base plate 57. The
base port 60 may be used to distribute a shielding gas,
for example argon, through body of the airfoil 38 itself via
the root 39. The structure of the bases 46 and the base
ports 60 will be discussed in more detail with reference
to FIGS. 5 and 6.
[0020] The multiframe blade tip welding fixture 40 may
include a gas distribution system that may be used to
distribute a shielding gas to the work cavities 56 of the
cans 48. In some embodiments, the shielding gas is dis-
tributed to the base ports 60 of the bases 46. A shielding
gas may be used in the welding of the airfoil 38 tips to
prevent exposure of the welding material to the ambient
atmosphere, as elements of the ambient atmosphere
may cause results such as unwanted porosity in the weld
material and excessive spatter. The shielding gas may
include, but is not limited to, argon, carbon dioxide, oxy-
gen, helium, hydrogen, or combinations thereof. The gas
distribution system of the multiframe blade tip welding
fixture 40 may receive a supply of the shielding gas from
a gas source. In the illustrated embodiment, the intake
64 for the shielding gas into the gas distribution system
of the multiframe blade tip welding fixture 40 may located
at the foot of the stand 42. The intake 64 may direct the
shielding gas along the axial axis 90 through the stand
42 to a manifold 66 located near the top of the stand 42.
The stand may have an annular structure to enable dis-
tribution of gas from the inlet 64 to the manifold 66. Al-
though illustrated in FIG. 2 near the top of the stand 42,
the manifold 66 of the gas distribution system may be
located at various other positions along the stand 42 or
axis 90. Alternatively, the intake 64 and the manifold 66

may be located away from the structure of the multiframe
blade tip welding fixture 40.
[0021] The manifold 66 may distribute the shielding
gas to can distribution lines 68. The can distribution lines
68 may distribute the shielding gas to the work cavities
56 of the cans 48. In certain embodiments, the distribution
lines 68 may branch into multiple distribution line branch-
es 70 at a valve 72 locate along the can distribution lines
68. In such a case, there may be multiple branch distri-
bution lines 70 distributing the shielding gas to the cans
48, for example there may be branch distribution lines
70 distributing gas to each of the first portion 50 and the
second portion 52 of the cans 48. Distribution of the
shielding gas into the work cavity 56 of the cans 48 will
be discussed in more detail with reference to FIGS. 3
and 4. The valves 72 may be located along the can dis-
tribution lines 68 and may control the flow of gas to each
respective can 48, which may enable the shielding gas
to only be distributed to the can 48 that may be in a work
position (i.e., a position accessible to the user of the mul-
tiframe blade tip welding fixture 40 and to which welding
is being performed). Controlling the flow of gas may aid
distributing an appropriate amount of shielding gas to
perform the repairs, thereby reducing waste of shielding
gas.
[0022] Further, in certain embodiments, the gas distri-
bution system may include one or more base distribution
lines 74 that distribute the shielding gas from the manifold
66 or from the valves 72 to the base ports 60. In some
embodiments, each airfoil 38 may have cooling passages
75 running from the root 39 to the tip 100 of the airfoil 38.
The base port 60 may couple to the cooling passages 75
at the root 39 of the airfoil 38 and may distribute the shield-
ing gas through the cooling passages 75 in the airfoil 38
to facilitate cooling. There may be base distribution
valves 78 along the base distribution lines 74 that may
be used to control the flow of shielding gas to each re-
spective base port 60, enabling the base distribution lines
74 to distribute the shielding gas to only to airfoils 38 that
may have the cooling passages 75 and to only those
particular airfoils 38 when in the working position. Con-
trolling the flow of gas may aid distributing an appropriate
amount of shielding gas to perform repairs, thereby re-
ducing waste of shielding gas.
[0023] With the preceding in mind, one or more airfoils
38 to be repaired may be positioned by the root 39 of the
airfoils 38 on the bases 46 using the base supports 58
and the base plate 57. The tips 100 of the airfoils 38 may
be positioned within the cans 48 such that the tips 100
are located within the work cavities 56 of the cans 48.
The components of the gas distribution system may dis-
tribute shielding gas to the particular can and/or base
port coupled to the particular airfoil 38 that may be in the
working position. The valves 72 may be used to turn on
and off the shielding gas flow such that the shielding gas
may only be supplied to the can 48 and/or base plate in
the working position. When welding repair is completed
on the airfoil 38 in the working position, the arms 44 cou-
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pled to the cans 48 and the bases 46 may be rotated
such that a next airfoil 38 is moved into the working po-
sition. For example, an illustrated first airfoil 80 may be
in the working position such that a welder is positioned
adjacent to the first airfoil 80 to perform a repair. Then,
an illustrated second airfoil 82 may be rotated circumfer-
entially 94 around the axial axis 90 to position the second
airfoil 82 in the working position, the position illustrated
by the first airfoil 80, when a repair is to be performed on
the second airfoil 82. The structure of the bases 46 and
their components, the removable and interchangeable
nature of the cans 48, and the height adjustment capa-
bility of the arms 44 and the bases 46 may enable the
multiframe blade tip welding fixture 40 to be utilized with
a variety types, shapes, and sizes of airfoils 38 (e.g.,
blades, vanes, propellers).
[0024] As mentioned above, the multiframe blade tip
welding fixture 40 may have multiple arms 44 rotatably
coupled to the stand 42. The arms 44 may each be cou-
pled to cans 48. FIG. 3 is a top cut away view of an em-
bodiment of the multiframe blade tip welding fixture 40
of FIG. 2, taken along line 3-3, having four cans 48 cou-
pled to four arms 44. However as discussed above, there
may be any number (e.g., 2, 3, 5, 6, or more) of arms 44,
each having a can 48 coupled to it. In certain embodi-
ments, the arms 44 may be configured to rotate circum-
ferentially 94 around the axial axis 90 of the stand 42.
[0025] The cans 48 may couple to the arms 44 via a
connector 102. The structure of the connector 102 may
be a dovetail structure, as in the illustrated embodiment,
however the connector 102 may have any structure that
is associated with the structure of an indentation 103 of
the arms 44 such that a mating connection may be formed
between the connector 102 of the cans 48 and the in-
dentation 103 of the arms 44. In some embodiments, the
connection between the cans 48 and the arms 44 may
be any other type of connection, such as a bolted con-
nection, a fastened connection, or a snap connection.
The cans 48 may be modular or interchangeable, such
that different cans 48 may have varying shapes and sizes
of working cavities 56 to enable use of the multiframe
blade tip welding fixture 40 with varying types, shapes,
and sizes of airfoils 38. The structure of the connectors
102 and the structure of the arms 44 enable the can struc-
ture (e.g., size, shape, type) to vary while still enabling
the cans 48 to be coupled to the arms 44. The arms 44
may be positioned evenly and circumferentially 94
around the stand 42 and may be separated from each
other by 90°. However, the arms 44 may be positioned
at any angle (e.g., 45°, 72°, 90°) relative to each other,
depending on the number of arms 44 extending from the
stand 42.
[0026] The cans 48 may be configured to be disposed
around a tip 100 of each airfoil 38. The cans 48 may
include the first portion 50 and the second portion 52,
which may be hinged together via the hinge 54 to form
the working cavity 56 within which the airfoil tip 100 may
be disposed. When an airfoil tip 100 is disposed within

the working cavity 56 of the can 48, the first portion 50
and the second portion 52 of the can 48 may close around
the tip 100 and may be clamped together in a closed
position using the clamp 55. The clamp 55 may be cou-
pled to the connector 102, as in the illustrated embodi-
ment. In some embodiments, the clamp 55 is coupled to
the first portion 50 of the can 48, the second portion 52
of the can 48, or both. When the first portion 50 and the
second portion 52 of the can 48 are secured around the
tip 100, a surface of each of the first portion 50 and the
second portion 52 of the can 48, a clamp plate, may be
in contact with the airfoil 38. The edges of the clamp
plates may conform to the shape of the airfoil 38 and may
be in contact with the airfoil 38 at a point axially offset
from the tip 100, such that an end portion 106 of the airfoil
38 including the tip 100 may be disposed inside of the
working cavity 56 of the can 48 when the first portion 50
and second portion 52 of the can 48 are in a closed po-
sition. The end portion 106 of the airfoil 38 that may be
disposed within the working cavity 56 may be less than
25% of a length 107 of the airfoil 38. In certain embodi-
ments, the contact made between the clamp plate of the
can 48 and the airfoil 38 may form a seal that may enable
the shielding gas distributed into the work cavity 56 by
the gas distribution system to remain in the work cavity
56 and around the tip 100 of the airfoil 38 while a repair
is being made.
[0027] While the first portion 50 and the second portion
52 of the can 48 may form the work cavity 56, where
repairs to the tip 100 of the airfoil 38 may be made, the
cans 48 may further have a hollow structure, such that a
chamber is formed throughout the cans 48. Within the
chamber inside of the can 48, there may be multiple lay-
ers disposed, as discussed in more detail with reference
to FIG. 4.
[0028] FIG. 4 is a partial cross-sectional view of the
inside of an embodiment of the first portion 50 of the can
48. The illustrated embodiment is discussed within the
context of the first portion 50 of the can 48, however it
should be understood that the concepts are applicable
to the second portion 52 of the can 48 as well. While the
first portion 50 and the second portion 52 of the can 48
may form the work cavity 56, where repairs to the tip 100
of the airfoil 38 may be made, the cans 48 may further
have a hollow structure, such that a chamber 114 is
formed throughout the cans 48. The first portion 50 of
the can 48 may have an outer wall 110 and an inner wall
112 that may form the walls of the chamber 114 inside
of the can 48. The shielding gas that enters into the first
portion 50 the cans 48 from the can distribution lines 68
or from the branch distribution lines 70 through an inlet
122 may be contained within the chamber 114, as well
as flow into the work cavity 56 within which the tip 100
of the airfoil may be disposed.
[0029] Within the chamber 114, there may be a recess
region 118 and multiple layers 104 and 105. There may
be any number of layers (e.g., 2, 3, 4, or more) inside of
the chamber 114 of the cans 48. In some embodiments,
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the layers 104 and 105 may include a protective layer
that may be configured to protect the cans 48 from spatter
and damage during the welding process. Further, in
some embodiments, the layers 104 and 105 may be con-
figured to produce a laminar flow of the shielding gas
from the can 48 to the airfoil 38 surface, such that the
shielding nature of the shielding gas may be optimized
along the airfoil tip 100. In this manner, the layer 104 may
be a perforated sheet (e.g., mesh, grate) disposed near
the airfoil 38 surface that may circulate and distribute the
shielding gas around the tip 100 of the airfoil 38 that is
in the work cavity 56. In some embodiments, the layer
105 may aid circulation of the shielding gas entering
through inlet 122 throughout the chamber 114.
[0030] As discussed above, in certain embodiments,
the first portion 50, as well as the second portion 52, of
the can 48 may have a clamp plate 116 that may contact
the surface of the airfoil 38 when the first portion 50 and
the second portion 52 are closed. The clamp plates 116
may be in contact with the airfoil 38 at a point axially offset
from the tip 100, such that the end portion 106 of the
airfoil 38 and the tip 100 may be disposed inside of the
work cavity 56 of the can 48 when the first portion 50 and
second portion 52 of the can 48 are clamped together in
the closed position. The end portion 106 of the airfoil 38
that may be disposed within the work cavity 56 may be
less than 25% of the length 107 of the airfoil 38. The
contact between the clamp plates 116 and the airfoil 38
may form a seal that may enable the shielding gas dis-
tributed into the work cavity 56 by the gas distribution
system to remain in the work cavity 56 and around the
tip 100 of the airfoil 38 while a repair is being made. A
seal may be formed at the edge 120 of the clamp plate
116. The edge 120 of the clamp plate 116 may have a
shape that may conform to the shape of the airfoil 38,
which may enable the multiframe blade tip welding fixture
40 to be utilized with a variety of types, shapes, and sizes
of airfoils. In this manner, the clamp plate 116 of the first
portion 50 of the can 48 may have a shape that conforms
to a first side of the airfoil 38, and the clamp plate 116 of
the second portion 52 of the can 48 may have a shape
that conforms to a second side of the airfoil 38. The cans
48 may be modular and interchangeable, and may have
clamp plates 116 having varying edge 120 shapes such
that they may conform to the varying shapes of a variety
of airfoils 38.
[0031] FIG. 5 is a perspective view of an embodiment
of the bases of the multiframe blade tip welding fixture
40 depicting four bases 46 rotatably coupled to the stand
42. In the illustrated embodiment, four bases 46 are de-
picted, however there may be any number (e.g., 2, 3, 5,
6, or more) of bases 46. The bases 46 may be positioned
evenly and circumferentially 94 about the stand 42 and
may be separated from each other by any angle (e.g.,
45°, 72°, 90°) depending on the number of bases 46 ex-
tending from the stand 42. In certain embodiments, the
bases 46 may be configured to rotate circumferentially
94 around the axial axis 90 of the stand 42. Further the

height adjustment knob 47 may be used to vary the axial
height of the bases along the stand 42. The rotation and
height adjustment capability may enable the multiframe
blade tip welding fixture 40 to be used with airfoils 38 of
varying height and may enable welder to remain station-
ary and rotate a particular airfoil 38 into the working po-
sition.
[0032] The bases 46 may secure and position the roots
of the airfoils 38 via the base plate 57 and the base sup-
ports 58. Each base 46 may include the base plate 57
and multiple base supports 58. The base supports 58
may be structured such that a dovetail indentation 61 is
positioned facing up towards the arms 44, enabling the
root 39 of an airfoil 38 to be coupled to the base 46 by
positioning the root 39 of the airfoil 38 in the indentation
61 of the base support 58. The base plate 57, may be
positioned on an upper surface 63 of the base 46 and
may have multiple grooves 59 that may enable sliding of
the base supports 58 on the base plate 57 along a radial
axis 92. Further the base plate 57 may be positioned in
a configuration parallel to the base 46, however the base
plate 57 may be configured to twist or rotate around a
center axis 62 of the base plate 57 such that the base
plate 57 may be positioned at any non-parallel direction
with respect to the base 46. The sliding of the base sup-
ports 58, along with the rotation of the base plate 57 may
enable the bases 46 to be configured for use with a variety
of types, shapes, and sizes of airfoils 38. For example,
a particular type of airfoil 38 may have a twisting structure
such that the root 39 of the airfoil 38 is not oriented in the
same direction as a chord across the tip 100. The base
plate 57 may be rotated around the center axis 62 of the
base plate 57 on the base 46 such that it may support
the root 39 of the airfoil 38 in a position suitable for tip
repair, while the base supports 58 may slide along the
grooves 59 in the base plate 57 to positions suitable to
support the size of the airfoil 38.
[0033] Further in certain embodiments, the bases 46
may include a base port 60 that may be positioned be-
tween the base supports 58 on the base plate 57. The
base port 60 may be used to distribute a shielding gas,
for example argon, through the body of the airfoil 38 itself.
The base port 60 will be discussed in more detail with
reference to FIG. 6.
[0034] FIG. 6 is a perspective view of an embodiment
of the base port 60 of the bases 46. The base port 60
may be disposed between the base supports 58 on the
base plate 57 of the base 46. In certain embodiments,
the base port 60 may be configured to receive the shield-
ing gas from the base distribution line 74 through an inlet
130. The inlet 130 may be disposed on a side 140 of the
base port 60 that is not a side 138 configured to be ad-
jacent to the base supports 58. The sides 138 of the base
port 60 may be adjacent to, or even in contact with, the
base supports 58. A bottom surface 136 of the base port
60 may contact the base plate 57. The base port 60 may
have a length 134 that may be the length of the space
between the base supports 58 or less, such that the base
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port 60 may be disposed between the base supports 58.
In certain embodiments, the airfoils 38 may have cooling
passages 75 running from the root 39 to the tip of the
airfoil 38. The base port 60 may include one or more
outlets 132 configured to couple to the cooling passages
75 at the root 39 of the airfoils 38 and to distribute the
shielding gas to the cooling passages 75 of the airfoils
38 to facilitate cooling of the airfoil as welding repair is
being performed.
[0035] The base port 60 may be removably coupled to
the base 46. In certain embodiments, the base port 60
may be coupled to the base plate 57 of a base 46 while
that particular base 46 is in the work position, and may
supply the shielding gas to the cooling passages at the
root of the airfoil 38 that is in the work position. The bases
46 and cans 48 may be rotated circumferentially 94
around the stand 42 to position a different airfoil 38 in the
work position. The base port 60 may be moved to the
base 46 coupled to the airfoil 38 that is currently in the
work position. However, there may be a base port 60
coupled to each of the bases 46 at a given time.
[0036] With the preceding in mind, FIG. 7 is a flow di-
agram of a method 150 of repairing airfoil tips using the
multiframe blade tip welding fixture 40. First, a supply of
shielding gas may be supplied to one of the cans 48 dis-
posed around the tip 100 of the airfoil 38 in the work
position. The can 48 is configured to distribute a flow of
the shielding gas about the tip 100 of that airfoil 38 when
the airfoil 38 is in the work position about the axis 90 of
the stand 42 (block 152). Next, a weld material may be
added to the tip 100 of the airfoil 38 that is in the work
position (block 154). Then the can 48 in the work position
and a different can 48 may be rotated via the arms 44 to
position the different can 48 in the work position about
the axis 90 of the stand 42 (block 156). Next, the shielding
gas may be supplied to the can 48 in the work position
(block 158). The can 48 may be disposed around the tip
100 of the airfoil 38, and the can 48 may be configured
to distribute the flow of shielding gas about the tip 100 of
the airfoil 38 that is in the work position. Next, weld ma-
terial may be added to the tip 100 of the airfoil 38 that is
in the work position about the axis 90 (block 160).
[0037] In certain embodiments, the method 150 may
include supplying a shielding gas flow to the can 48 that
is in the work position via a cooling passage 75 at the
root 39 of the airfoil 38 when the can 48 is in the work
position. The cooling passage 75 may extend to the tip
100 of the airfoil 38. Further, in certain embodiments, an
axial height 49 between the can 48 and a corresponding
base 46 may be adjusted. The base 46 may be coupled
to the root 93 of the airfoil 38 opposite the tip 100, and
the base 46 and can 48 may interface with the airfoil 38
when the can 48 is in the work position. Further, in certain
embodiments, the method 150 may include uncoupling
the can 48 from the arm 44 of the stand 42 (block 162).
Next, a different can 38 having a different work cavity 56
shape than the can 38 that was uncoupled may be cou-
pled to the arm 44 (block 164 and block 166).

[0038] Technical effects of the disclosed embodiments
include a multiframe blade tip welding fixture that may
be used for the repair of multiple airfoils at a time. Further,
the cans and bases may rotate circumferentially around
the stand and the axial height of the cans and bases may
be adjusted. The adjustable height capability may enable
the multiframe blade tip welding fixture to be utilized in
the repair of airfoils (e.g., blades, vanes, propellers) of a
variety of heights. The circumferential rotation of the cans
and bases about the stand may enable more efficient tip
repair as the multiframe blade tip welding fixture may
rotate the airfoils to a single work position between the
repairs of each tip. Thus, this may enable the welder to
work on all of the airfoils while remaining in a single po-
sition. Further, the cans may be configured to only supply
the shielding gas to the tips of the airfoils, which may
enable a cost saving benefit and may enable a more ef-
fective welding repair, as the shielding gas may be better
concentrated around the repair area. Thereby, the mul-
tiframe blade tip welding fixture may enable a reduction
in the consumption of the shielding gas. Further, the work
cavities of the cans may conform to the shape of the tips
of a variety of different airfoil types and shapes and the
cans may be interchangeable, enabling the multiframe
blade tip welding fixture to be utilized for the repair of
airfoils of a variety of types and shapes. Further still, the
multiframe blade tip welding fixture may include a base
port having one or more outlets configured to supply the
shielding gas to cooling passages within the airfoils that
run from the root of the airfoil to the tip of the airfoil. This
may enable a more effective tip repair or tip cap replace-
ment, in certain embodiments, by providing additional
cooling to particular airfoils.
[0039] This written description uses examples to dis-
close the concepts discussed herein, including the best
mode, and also sufficient disclosure to enable any person
skilled in the art to practice the invention, including mak-
ing and using any devices or systems and performing
any incorporated methods. The patentable scope of the
disclosure is defined by the claims, and may include other
examples that occur to those skilled in the art. Such other
examples are intended to be within the scope of the
claims if they have structural elements that do not differ
from the literal language of the claims, or if they include
equivalent structural elements with insubstantial differ-
ences from the literal language of the claims.

Claims

1. A system (40) comprising:

a stand (42) comprising an axis (90), a first arm
(44), and a second arm (44), wherein the first
arm (44) and the second arm (44) extend from
the axis (90), the first arm (44) is configured to
rotate about the axis (90), and the second arm
(44) is configured to rotate about the axis (90);
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a first can (48) coupled to the first arm (44),
wherein the first can (48) is configured to be dis-
posed around a first tip (100) of a first airfoil (80),
the first can (48) is configured to receive a first
gas flow, and the first can (48) is configured to
distribute the first gas flow to a first work cavity
(56) around the first tip (100) of the first airfoil
(80); and
a second can (48) coupled to the second arm
(44), wherein the second can (48) is configured
to be disposed around a second tip (100) of a
second airfoil (82), the second can (48) is con-
figured to receive a second gas flow, and the
second can (48) is configured to distribute the
second gas flow to a second work cavity (56)
around the second tip (100) of the second airfoil
(82).

2. The system (40) of claim 1, comprising a gas distri-
bution system, wherein the gas distribution system
comprises:

a manifold (66) disposed on the stand (42),
wherein the manifold (66) is configured to re-
ceive a supply flow from a gas source;
a first distribution line (68) coupled between the
manifold (66) and the first can (48), wherein the
manifold (66) is configured to distribute the first
gas flow from the supply flow to the first can (48)
via the first distribution line (68); and
a second distribution line (68) coupled between
the manifold (66) and the second can (48),
wherein the manifold (66) is configured to dis-
tribute the second gas flow from the supply flow
to the second can (48) via the second distribu-
tion line (68).

3. The system (40) of claim 2, wherein the gas distri-
bution system comprises a first valve (72) coupled
to the first distribution line (68) and a second valve
(72) coupled to the second distribution line (68),
wherein the first valve (72) is configured to control
the first gas flow, and the second valve (72) is con-
figured to control the second gas flow.

4. The system (40) of claim 1, comprising:

a first base (46) extending from the axis (90) and
coupled to the stand (42), wherein the first base
(46) corresponds with the first arm (44), the first
base (46) is configured to rotate about the axis
(90), and the first base (46) is configured to sup-
port a first root (39) of the first airfoil (80), wherein
the first root (39) is opposite the first tip (100);
and
a second base (46) extending from the axis (90)
and coupled to the stand (42), wherein the sec-
ond base (46) corresponds with the second arm

(44), the second base (46) is configured to rotate
about the axis (90), and the second base (46)
is configured to support a second root (39) of
the second airfoil (82), wherein the second root
(39) is opposite the second tip (100).

5. The system (40) of claim 4, wherein the first base
(46) comprises a first port (60) configured to supply
a third gas flow to a first cooling passage (75) within
the first airfoil (80), wherein the first cooling passage
(75) extends to the first tip (100) of the first airfoil
(80), and the first cooling passage (75) is configured
to distribute the third gas flow to the first work cavity
(56).

6. The system (40) of claim 4, wherein the first base
(46) is coupled to the stand (42) at a first axial posi-
tion, and the first base (46) is configured to be ad-
justed relative to the stand (42) to adjust the axial
height (49).

7. The system (40) of claim 1, wherein the first can (48)
comprises a first portion (50), a second portion (52),
and a hinge (54) disposed between the first portion
(50) and the second portion (52), wherein the second
portion (52) is configured to rotate about the hinge
(54) to circumferentially enclose the first tip (100) of
the first airfoil (80) with the first portion (50) when the
second portion (52) is in a closed position.

8. The system (40) of claim 7, wherein the first portion
(50) comprises a first clamp plate (116) and the sec-
ond portion (52) comprises a second clamp plate
(116), wherein the first clamp plate (116) and the
second clamp plate (116) are configured to interface
with a body of the first airfoil (80) below the first tip
(100) when the second portion (52) is in the closed
position.

9. The system (40) of claim 1, wherein the first can (48)
is removably coupled to the first arm (44) via a first
dovetail joint (102), and the second arm (44) is re-
movably coupled to the second arm (44) via a second
dovetail joint (102).

10. A method (150) of repairing airfoil tips, comprising:

Supplying (152) a gas flow to a first can (48)
disposed about a first tip (100) of a first airfoil
(80) when the first can (48) is in a work position
about an axis (90) of a stand (42), wherein the
first can (48) is coupled to the stand (42);
adding (154) first weld material to the first tip
(100) of the first airfoil (80) when the first can
(48) is in the work position about the axis (90);
rotating (156) the first can (48) and a second
can (48) to position the second can (48) in the
work position about the axis (90) of the stand
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(42), wherein the second can (48) is coupled to
the stand (42);
supplying (158) the gas flow to the second can
(48) disposed about a second tip (100) of a sec-
ond airfoil (82) when the second can (48) is in
the work position about the axis (90); and
adding (160) second weld material to the second
tip (100) of the second airfoil (82) when the sec-
ond can (48) is in the work position about the
axis (90).

11. The method (150) of claim 10, wherein the first can
(48) is disposed around a first end portion (106) of
the first airfoil (80), and the first end portion (106)
comprises less than 25 percent of a first length (107)
of the first airfoil (80) from the first tip (100), and the
second can (48) is disposed around a second end
portion (106) of the second airfoil (82), and the sec-
ond end portion (106) comprises less than 25 per-
cent of a second length (107) of the second airfoil
(82) from the second tip (100).

12. The method (150) of claim 10, comprising supplying
a second gas flow to the first can (48) via a first cool-
ing passage (75) at a first root (39) of the first airfoil
(80) when the first can (48) is in the work position,
wherein the first cooling passage (75) extends to the
first tip (100) of the first airfoil (80).

13. The method (150) of claim 10, comprising adjusting
an axial height (49) between the first can (48) and a
first base (46), wherein the first base (46) is coupled
to a first root (39) of the first airfoil (80) opposite the
first tip (100), and the first base (46) and the first can
(48) interface with the first airfoil (80) when the first
can (48) is in the work position.

14. The method (150) of claim 10, comprising:

uncoupling (162) the first airfoil (80) and the first
can (48) from the stand (42);
uncoupling (162) the second airfoil (82) and the
second can (48) from the stand (42);
coupling (164) a third can (48) to the stand (42),
wherein the third can (48) comprises a third work
cavity (56) shape different from a first work cavity
(56) shape of the first can (48); and
coupling (166) a fourth can (48) to the stand (42),
wherein the fourth can (48) comprises a fourth
work cavity (56) shape different from a second
work cavity (56) shape of the second can (48).
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